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(54) HIGH-SPEED PULSED HOMODYNE DETECTOR IN OPTICAL COMMUNICATION 
WAVELENGTH BAND

(57) The invention aims to raise operational frequen-
cy and S/N ratio of a pulsed homodyne detector to meas-
ure the quadrature amplitude of the signal pulse light.
The local pulse light in telecom band is yielded at repe-
tition rate of 80MHz. Two output lights are generated by
interference of the local pulse light and the signal pulse
light. A first photodiode and a second photodiode are
connected differentially. The first photodiode converts
one side output light to an electric signal. The second

photodiode converts the other side output light to another
electric signal. An M-derived low-pass filter eliminates
the third harmonics of the local pulse light. Moreover, the
higher frequency components than triple frequency of
the repetition rate are eliminated. In this way, even when
it is operated at high repetition rate of 80MHz at maxi-
mum, the quadrature amplitude of the signal pulse light
can be measured with high quantum efficiency of about
90% and with S/N ratio of more than 10dB.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a high-speed
pulsed homodyne detector in telecom band, especially
to a high-speed pulsed homodyne detector in telecom
band to yield less-distorted observation output waveform
of signal pulse light by eliminating the frequency compo-
nents higher than or equal to the third harmonics of the
repetition rate of local pulse light at the measurement of
signal pulse light in telecom band.

BACKGROUND OF THE INVENTION

[0002] Conventionally, there is a method to use a
pulsed homodyne detector for measurement of the quad-
rature amplitude of signal pulse light in telecom band.
There are two types of detectors, one is frequency do-
main type to measure the noise power spectrum of the
output of the pulsed homodyne detector and another is
time domain type to measure the quadrature amplitude
of signal pulse light. The pulsed homodyne detector of
frequency domain type can provide mean noise power
of repeated signal pulse light. The pulsed homodyne de-
tector of time domain type can provide quadrature am-
plitude of each signal pulse light.
[0003] Local pulse light in the telecom band with con-
stant repetition rate is generated and the local pulse light
and the signal pulse light are made to interfere with 50/50
beam splitter to yield two output lights in the conventional
pulsed homodyne detector. The signal proportional to
the signal pulse light intensity is obtained out of the output
terminal of the photo detector that is constructed by con-
necting differentially the first photodiode to convert one
output light into one electrical signal and the second pho-
todiode to convert the another output light into another
electrical signal.
[0004] However, because of mismatch of photo detec-
tors and so on, the components of the local pulse light
are emerged without elimination. When the intensity of
the leakage components of the local pulse light becomes
much stronger than the intensity of the signal pulse light,
the first-stage amplifier gets saturated and turns unable
to measure the intensity of the signal pulse light. Then
the present inventor et al have proposed the method to
avoid the saturation of the amplifier in the way of atten-
uating the harmonics of the repetition rate of the local
pulse light using a band-elimination filter in the pulsed
homodyne detector (www2.nict.go.jp/q/q265/s802/sei-
ka/h17/seika/90/90 nihon-u.pdf).
[0005] That is, the most important capability of the ho-
modyne detector is the common mode rejection ratio
(CMRR) in the subtraction process of the photocurrent
of two photodiodes. For the reason of insufficient CMRR,
the harmonics of the repetition rate of the local pulse light
saturate the first-stage amplifier and the linearity of am-
plification is lost. Generally, when the measurement is

performed using the local pulse light of higher repetition
rate than 1 MHz, it is very difficult to maintain CMRR
more than 40 dB all over the amplification band.
[0006] The conventional pulsed homodyne detector is
roughly divided into two kinds. One is a slow-response
high-sensitivity detector and another is a fast-response
low-sensitivity detector. A charge amplifier is used for the
amplifier of the slow-response high-sensitivity homodyne
detector. The charge amplifier yields its output after ac-
cumulating charges for a fixed time. Therefore, it has very
low noise and high gain, and it can achieve a large S/N
ratio. However, since the response speed of charge am-
plifier is slow, the repetition rate of detectable pulse light
is restricted lower than 1 MHz.
[0007] On the other hand, an operational amplifier is
used for the amplifier of the fast-response low-sensitivity
homodyne detector. An operational amplifier is faster
than a charge amplifier. The repetition rate of detectable
pulse light can be raised to several 100 MHz. However,
the noise factor is greatly inferior to that of a charge am-
plifier. An S/N ratio deteriorates especially at the repeti-
tion rate exceeding 10 MHz. There are mainly two rea-
sons in this phenomenon. One is that response speed
and a gain are in a trade-off relation. Moreover, thermal
noise increases in high-speed operation. For this reason,
the faster the amplifier operates, the more the gain de-
creases. Then it causes the S/N ratio to deteriorate. An-
other is reduction in CMRR.
[0008] In almost all the pulsed homodyne detector, dif-
ferential mixing is performed using direct junction of an-
ode and cathode of photodiodes. This is because high
CMRR can be obtained easily. However, CMRR de-
creases as frequency becomes high. When CMRR de-
creases, the harmonics of the repetition rate of the local
pulse light that can be removed at low frequency be-
comes unable to be removed and the amplifier becomes
saturated by those remaining harmonics. Therefore, the
limit level for intensity of incident local pulse light decreas-
es. Then, the S/N ratio becomes insufficient.
[0009]

[Non-patent document 1] - http:
//www2.nict.go.jp/q/q265/s802/seika/h18/seika/
90/90_nihon-u.pdf
[Non-patent document 2] - J. Wenger, Rosa Tualle-
Brouri and P. Grangier, "Pulsed homodyne meas-
urements of femtosecond pulses generated by sin-
gle-pass parametric deamplification," Opt. Lett., 27,
1267 (2004).
[Non-patent document 3] - H. Hansen, T. Aichele, C.
Hettich, P. Lodahl, A. I. Lvovsky, J. Mlynek, and S.
Schiller, "Ultrasensitive pulsed, balanced homodyne
detector: application to time-domain quantum meas-
urements," Opt. Lett. 26, 1714 (2001).

[0010] In the non-patent document 1 there is reported
an experiment to generate a quadrature-squeezed light
at wavelength of 1550 nm by the parametric amplification
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process to pump the second harmonics of a femtosecond
laser at wavelength of 1550 nm into PPLN. As shown in
Fig. 9, pulsed light at wavelength of 778 nm generated
in the second harmonics generator (SHG) is injected into
PPLN as pumping light to cause spontaneous down con-
version (SPDC) for generating squeezed light. The flipper
mirror enables to switch a homodyne detector and a sin-
gle photon detector, and then noise measurement and
approximation of photon pair statistics can be achieved
with the same system. The homodyne detector is con-
sisted of two photodiodes, charge amplifiers and a pulse-
shaping amplifier. The maximum repetition rate is about
2.0 MHz. This homodyne detector measures the quad-
rature amplitude of quadrature-squeezed light.
[0011] In the non-patent document 2 there are reported
pulsed homodyne measurements of femtosecond pulses
generated by single-pass parametric deamplification.
This is the method to generate the squeezed light pulse
using femtosecond pulse. A new scheme is described
for the generation of pulsed squeezed light by use of
femtosecond pulses that have been parametrically
deamplified through a single pass in a thin (100 Pm) po-
tassium niobate crystal with a significant deamplification
of about -3 dB. The quantum noise of each pulse is reg-
istered in the time domain by single-shot homodyne de-
tection operated with femtosecond pulses; the best
squeezed quadrature variance was 1.87 dB below the
shot-noise level. Such a scheme provides a basic re-
source for time-resolved quantum communication.
[0012] In the non-patent document 3 there is reported
an ultrasensitive pulsed, balanced homodyne detector:
application to time-domain quantum measurements. A
pulsed, balanced homodyne detector has been devel-
oped for precise measurement of the electric field quad-
ratures of pulsed optical quantum states. A high level of
common mode suppression (>85 dB) and low electronic
noise (730 electrons per pulse) provide a signal-to-noise
ratio of 14 dB for measurement of the quantum noise of
individual pulses. Measurements at repetition rates as
high as 1 MHz are possible. As a test, quantum tomog-
raphy of the coherent state was performed, and the Wign-
er function and the density matrix were reconstructed
with 99.5 % fidelity. The detection system can be used
for ultrarsensitive balanced detection in cw mode, e.g.,
for weak absorption measurements.
[0013] However, in the former pulsed homodyne de-
tector of this inventor et al, there is a problem as follows.
Fundamental and harmonics of the repetition rate of the
local pulse light are eliminated with a filter. Then, in the
frequency domain, accurate time average can be ob-
tained. On the other hand, observing in the time domain,
as the pulse waveform of the signal pulse light is distort-
ed, the time domain information of each signal pulse light
cannot be obtained accurately.
[0014] In order to achieve the quantum-combined
measurement, quadrature-squeezed light source is nec-
essary. For the development of the quadrature-squeezed
light source, the technique to measure accurately the

quadrature component of quantum noise is indispensa-
ble. A high-speed pulsed homodyne detector in time do-
main is necessary in order to perform measurement-in-
duced non-Gaussian operation and so on with respect
to that measurement. Though the measurement-induced
non-Gaussian operation can be performed without a
high-speed pulsed homodyne detector, a high-speed de-
tector is desirable in considering practical use.
[0015] The object of this invention is, solving the
above-mentioned existing problems, the measurement
of the quadrature amplitude of signal pulse light with high
quantum efficiency of about 90 % and with high S/N ratio
of more than 10 dB using a pulsed homodyne detector
able to operate at high repetition rate of 80 MHz at max-
imum.
[0016] To solve the above-mentioned problems, in the
present invention, a high-speed pulsed homodyne de-
tector in telecom band is constructed as follows. A photo
detector is to cancel out substantially each other of fun-
damental components and to cancel out substantially
each other of the second harmonics of the repetition rate
of the local pulse light connecting two photodiodes dif-
ferentially to convert each of two output lights into elec-
trical signal generated by interference of the local pulse
light and the signal pulse light of high repetition rate in
telecom band using 50/50 beam splitter. An M-derived
low-pass filter is to have notch frequency equal to the
third harmonics of the repetition rate connected to the
output terminal of the photo detector. The first amplifier
is to amplify the output signal of the M-derived low-pass
filter. A low-pass filter is to eliminate the higher frequency
components than triple frequency of the repetition rate
from the output signal of the first amplifier. The second
amplifier is to amplify the output signal of the low-pass
filter.
[0017] As constructed as mentioned above, the infor-
mation about the quadrature amplitude of the signal pulse
light can be obtained fast and accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig.1 shows the conceptual drawing of the pulsed
homodyne detector in the embodiment of the present
invention.
Fig.2 shows the drawing to explain the performance
to be required of the pulsed homodyne detector.
Fig.3 shows the graph to show the frequency char-
acteristics of various filters.
Fig.4 shows the graph to show the pulse waveform
after passing various filters.
Fix. 5 shows the graph to show the frequency char-
acteristics of M-derived low-pass filter.
Fig.6 shows the circuit diagram of the pulsed homo-
dyne detector in the embodiment of the present in-
vention.
Fig.7 shows the graph to show the frequency char-
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acteristics of the result of the shot noise measured
with the pulsed homodyne detector in the embodi-
ment of the present invention and the graph to show
the feature depending upon the intensity of the local
pulse light.
Fig.8 shows the performance comparison table of
each detector.
Fig.9 shows the drawing to show the examples of
conventional pulsed homodyne detectors.

DETAILED DESCRIPTION

[0019] Hereafter, the most preferable embodiment of
the invention is explained in detail, referring to Figs. 1 - 8.
[0020] The embodiment of this invention is a pulsed
homodyne detector generating two output lights by inter-
ference of the local pulse light and the signal pulse light
in the telecom band at repetition rate of 80 MHz, detecting
in homodyne method two output lights using two photo-
diodes connected differentially, eliminating the third har-
monics of the repetition rate, amplifying the detected sig-
nal, eliminating the higher frequency components than
triple frequency of the repetition rate and amplifying the
obtained signal again.
[0021] Fig. 1 is a conceptual diagram of the pulsed
homodyne detector in the embodiment of this invention.
Fig. 2 is a figure explaining the performance required of
a pulsed homodyne detector. Fig.3 is graph to show the
frequency characteristics of various filters. Fig.4 is a fig-
ure showing the pulse shape after passing various filters.
Fig.5 is graph to show the frequency characteristics of
an M-derived low-pass filter.
[0022] Fig. 6 is a circuit diagram of a pulsed homodyne
detector. In Fig. 6, a photodiode 1 is an element to detect
the intensity of pulse light. The M-derived low-pass filter
2 is a notched filter to eliminate 240 MHz component of
the signal. An operational amplifier 3 is an amplifier to
amplify the output signal of the M-derived low-pass filter.
LPF 4 is a low-pass filter to eliminate the frequency com-
ponents of the signal higher than 240 MHz. An opera-
tional amplifier 5 is an amplifier to amplify the output sig-
nal of LPF.
[0023] Fig. 7 shows a graph to show the frequency
characteristics of the measurement result of shot-noise
using a pulsed homodyne detector, and a graph to show
the aspect of signal dependent on the intensity of local
pulse light. The inserted figure in Fig. 7(a) is the time
waveform of the output of one photodiode. It shows that
repetition pulses at 80 MHz are dissociated completely
and are not overlapping. Fig. 8 is the performance com-
parison table of each detector.
[0024] The function and operation of the pulsed homo-
dyne detector of this invention constituted as mentioned
above are explained. First, referring to Fig. 1, the outline
of the function of the pulsed homodyne detector is ex-
plained. The local pulse light in the telecom band at fixed
repetition rate faster than 1 MHz is made to interfere with
the signal pulse light to generate two output lights. Two

output lights are changed into electric signals using two
photodiodes. Two photodiodes are connected differen-
tially in order that each other of the fundamental compo-
nents and each other of the second harmonics of the
local pulse light are substantially canceled out respec-
tively. An M-derived low-pass filter is connected to the
output terminal of the optical detector to eliminate the
triple frequency component of the repetition rate.
[0025] The output of the M-derived low-pass filter is
amplified with the first amplifier. The higher frequency
components than triple frequency of the repetition rate
are eliminated out of the output signal of the first amplifier.
The output signal of the low-pass filter is amplified with
the second amplifier. Even if the higher frequency com-
ponents than the third harmonics are remaining without
elimination because of insufficient CMRR, the first-stage
amplifier is made hard to saturate by eliminating such
components using a suitable filter circuit at the front end
of the detector circuit. Accurate information of each signal
pulse light can be obtained in the manner of avoiding
saturation of the amplifier and also avoiding too much
elimination of signal elements. Therefore, a high-speed
pulsed homodyne detector with high S/N ratio can be
achieved.
[0026] Next, referring to Fig. 2, here is explained about
the performance required of a pulsed (time domain) ho-
modyne detector. Pulsed homodyne detector is a device
to measure the quadrature amplitude of each signal pulse
light according to the phase difference between the signal
pulse light and the local pulse light. Therefore, broadband
high-speed linear response is required of the amplifier.
Concretely, the amplifier needs wider amplification band-
width than twice of repetition rate of the signal pulse light
(non-overlapping limit with neighboring pulse) and line-
arity in the amplification bandwidth. And, enough meas-
urement sensitivity (S/N ratio) is necessary, too.
[0027] Fig. 2 shows the necessary performances and
their determining factors of a pulsed homodyne detector.
The amplifier used for the detector determines mostly
the response speed and amplification linearity of the nec-
essary performances for a detector. On the other hand,
the main factors to determine measurement sensitivity
can roughly be classified into two. One is the noise factor
of the amplifier and another is the intensity of the local
pulse light at detection. The main factors to determine
the intensity of the local pulse light can be classified into
two. One is the input limit of the whole detector. This is
determined according to the optical input limit of a pho-
todiode and the input/output limit of the amplifier. And
another is the common mode rejection ratio (CMRR) at
the differential mixing, i.e., the ability to eliminate the fre-
quency component of repetition rate of a pulse and its
harmonics.
[0028] In raising the speed of a pulsed homodyne de-
tector, the most serious problems are the difficulty to wid-
en the frequency bandwidth and the degradation of S/N
ratio caused by CMRR reduction accompanying the
bandwidth widening. The conventional pulsed homodyne
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detector has no filters to eliminate the frequency compo-
nents of the repetition rate of pulse and its harmonics.
The detector of this invention compensates the shortage
of CMRR with elimination of the third harmonics of the
repetition rate of the local pulse light using an M-derived
low-pass filter. The intensity limit of the incident light is
raised for the local pulse light in this way. And then S/N
ratio is improved. The M-derived low-pass filter with some
loss of gain is not used because that a pulsed homodyne
detector needs essentially enough gain all over the am-
plification bandwidth. The result of MATLAB simulation
shows that the original pulse information is lost when the
fundamental wave and the second harmonics of repeti-
tion rate of the local pulse light are removed. However,
the simulation also shows that most of original pulse in-
formation is not lost when only the third harmonics is
removed. Moreover, the amplifier is easy to saturate es-
pecially around the third harmonics frequency. This is
the reason why CMRR becomes smaller at higher fre-
quency. From these reasons, the third harmonics is re-
moved using an M-derived low-pass filter.
[0029] Next, referring to Figs. 3 and 4, the frequency
characteristics of various filters are explained. The opti-
mal filter circuit is obtained by simulation. The frequency
characteristics of three sorts of low-pass filters (LPF) and
three sorts of band-elimination filters (BEF) are shown in
Fig. 3. Fig. 3(a) is a graph showing the frequency char-
acteristics of the low-pass filter (LPF) of 230 MHz in cutoff
frequency. Fig. 3(b) is a graph showing the frequency
characteristics of the low-pass filter (LPF) of 180 MHz in
cutoff frequency. Fig. 3(c) is a graph showing the fre-
quency characteristics of the low-pass filter (LPF) of 140
MHz in cutoff frequency. Fig. 3(d) is a graph showing the
frequency characteristics of the band elimination filter
(BEF) with three notches of 80 MHz in center frequency
with 8 MHz in bandwidth, 160 MHz in center frequency
with 16 MHz in bandwidth and 240 MHz in center fre-
quency with 24 MHz in bandwidth. Fig. 3(e) is a graph
showing the frequency characteristics of the band elim-
ination filter (BEF) with two notches of 160 MHz in center
frequency with 16 MHz in bandwidth and 240 MHz in
center frequency with 24 MHz in bandwidth. Fig. 3(f) is
graph showing the frequency characteristics of the band
elimination filter (BEF) of 240 MHz in center frequency
with 24 MHz in bandwidth.
[0030] Fig. 4 shows the waveform of the pulse train of
80 MHz in repetition rate passed through the filter. Fig.
4(a) is the output waveform of the filter of Fig. 3(a). Fig.
4(b) is the output waveform of the filter of Fig. 3(b). Fig.
4(c) is the output waveform of the filter of Fig. 3(c). Fig.
4(d) is the output waveform of the filter of Fig. 3(d). Fig.
4(e) is the output waveform of the filter of Fig. 3(e). Fig.
4(f) is the output waveform of the filter of Fig. 3(f). As
shown in Figs. 4(a) to 4(c), the waveform distortions
caused by insertion of LPF are very small. An adjacent
pulse is not affected when the bandwidth of the band-
pass filter is set to be about twice of the repetition rate.
[0031] On the other hand, when CMRR of an optical

detector is insufficient, it is necessary to insert BEF to
eliminate the components of the repetition rate and its
harmonics. As shown in Figs. 4(d) and 4(e), this BEF
makes each pulse cause large waveform distortions on
adjacent pulses. This causes the serious deterioration of
the accuracy of homodyne detection result. However, it
hardly influences the result of the statistical homodyne
measurement for Gaussian state. Here the result shown
in Fig. 4(f) should be noted. In the case shown in Fig. 4
(f), only the third harmonics of the repetition rate is re-
moved. In this case, there is very little influence on the
adjacent signal pulse light. From this simulation result, it
is known that the optimal filter should attenuate sufficient-
ly the higher frequency components than the third har-
monics of the repetition rate.
[0032] Next, referring to Fig. 5, the frequency charac-
teristics of M-derived low-pass filter are explained. The
M-derived low-pass filter is mounted at the front end of
the amplification circuit to attenuate strongly the compo-
nents at 240 MHz, the third harmonics of the repetition
rate of 80 MHz. Since the noise at 240 MHz is attenuated
about 16 dB, the filter can fully remove the remaining
noise even though CMRR shortage passes the compo-
nents of the local pulse light, and the saturation at the
first operational amplifier can be prevented.
[0033] Next, referring to Fig. 6, here is explained the
circuit of the pulsed time-domain balanced homodyne
detector. This pulsed homodyne detector consists of two
photodiodes (PD1 and PD2), M-derived low-pass filter,
the first operational amplifier, LPF and the second oper-
ational amplifier. Each of two photodiodes is KPED020
of KYOUSEMI. Their cutoff frequency is 1 GHz. Their
quantum efficiencies are 0.88�0.02 and 0.87�0.02. The
cutoff frequency of the M-derived low-pass filter is 200
MHz and its notch frequency is 240 MHz. The first oper-
ational amplifier is TEXAS INSTRUMENTS OPA847 and
its GBW is 3900 MHz. The cutoff frequency of LPF is 230
MHz. The second operational amplifier is AD8000 of AN-
ALOG DEVICES and its GBW is 1500 MHz.
[0034] The photocurrent from PD1 and PD2 is mixed
differentially at the connection of the anode and the cath-
ode. CMRR at 80 MHz is 50 dB, CMRR at 160 MHz is
37 dB and CMRR at 240 MHz is 20 dB. The M-derived
low-pass filter removes the third harmonics from the dif-
ferential output signal and then the first operational am-
plifier amplifies the signal by noninverted amplification.
The voltage gain of the first operational amplifier is 24.4
dB. Then, unnecessary high frequency components are
removed by LPF, the second operational amplifier com-
pensates the insufficient gain and its output signal is giv-
en to an oscilloscope.
[0035] Next, referring to Fig. 7, here is explained the
measurement result of the shot noise using a pulsed ho-
modyne detector. The frequency characteristics of the
output signal are shown in Fig. 7(a). The average power
of the local pulse light is 6.6 mW. Repetition rate is 80
MHz and its pulse width is 150 fs. The graph of Fig. 7(a)
shows that this pulsed homodyne detector has the band-
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width of about 200 MHz and also has the uniform ampli-
fication characteristics up to about 230 MHz. Moreover,
the output signal shows the characteristics of typical
white noise in all bands other than the repetition rate of
80 MHz and its harmonics. The inserted graph in the
upper right part is the real waveform chart displayed on
an oscilloscope (output when closing one photodiode).
[0036] Fig. 7(b) shows the features that the measure-
ment result of fluctuations (shot noise) is dependent on
the intensity of the reference pulse light. The thermal
noises of the optical detector are about 2900 electrons/
pulse. The experimental value corresponds well with the
theoretical value up to near 830 million electrons per
pulse in intensity of the reference pulse light and it shows
that the amplifier is not saturated and the linearity is main-
tained. Moreover, it is seen that S/N ratio is about 10 dB
at maximum.
[0037] Thus, the pulsed homodyne detector can meas-
ure the quadrature amplitude of the signal pulse light in
pulse train of the repetition rate of 80 MHz at maximum.
Its quantum efficiency reaches to about 90 % and its S/N
ratio also amounts to 10 dB. Even when the incident in-
tensity of the local pulse light is strong, high S/N ratio can
be obtained since linearity can be maintained without sat-
uration of the first-stage amplifier with the optimal filter
mounted at the front end of the amplifier. This pulsed
homodyne detector can measure the quadrature ampli-
tude of the squeezed light. Compared with the case with-
out the M-derived low-pass filter, S/N ratio is improved
by about 4 dB. The detector with the repetition rate of 80
MHz and with S/N ratio of 10 dB at maximum can be
achieved. The performance comparison table of each
detector is shown in Fig. 8.
[0038] As explained above, in the embodiment of the
present invention, the quadrature amplitude of the signal
pulse light can be measured as the pulsed homodyne
detector is constructed as generating two output lights
by interference of the local pulse light and the signal pulse
light in the telecom band at repetition rate of 80 MHz,
detecting in homodyne method two output lights using
two photodiodes connected differentially, eliminating the
third harmonics of the repetition rate, amplifying the de-
tected signal, eliminating the higher frequency compo-
nents than triple frequency of the repetition rate and am-
plifying the obtained signal again.

INDUSTRIAL APPLICABILITY

[0039] The high-speed pulsed homodyne detector in
the telecom band of the present invention is most suitable
for the high-speed pulsed time-domain homodyne detec-
tor enable to measure accurately the quadrature compo-
nents of the quantum noise at the measurement-induced
non-Gaussian operation and so on.

REFERENCE SYMBOLS

[0040]

1 A photodiode
2 An M-derived low-pass filter
3 An operational amplifier
4 A low-pass filter
5 An operational amplifier

Claims

1. A high-speed pulsed homodyne detector in telecom
band comprising:

a photo detector to cancel out substantially each
other of fundamental components and to cancel
out substantially each other of the second har-
monics of the repetition rate of said local pulse
light connecting two photodiodes differentially
to convert each of two output lights into electrical
signal generated by interference of the local
pulse light and the signal pulse light of high rep-
etition rate in telecom band using 50/50 beam
splitter,
an M-derived low-pass filter having notch fre-
quency equal to the third harmonics of said rep-
etition rate connected to the output terminal of
said photo detector,
a first amplifier to amplify the output signal of
said M-derived low-pass filter,
a low-pass filter to eliminate the higher frequen-
cy components than triple frequency of said rep-
etition rate from the output signal of said first
amplifier and a second amplifier to amplify the
output signal of said low-pass filter.
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